Abstract: Adulteration of drugs with poisonous substances during production or consumption has caused numerous health problems. Among contaminants that have the potential of producing poisonous effects are the heavy metals lead, arsenic and thallium that make up an important group of toxic substances. The emergence of these new health problems related to opioid abuse has precipitated this MiniReview on the status of the most hazardous and common opioid adulterants. In fact, adulterated opium is a major public health problem and can threaten the health of users. In this study, we searched for information on opium, opiates, lead poisoning, toxicity, intoxication, Iran and heavy metals in the TUMS Digital Library, PubMed, Scopus, EMBASE and Google Scholar bibliographical databases. This MiniReview primarily included articles on lead poisoning, signs and symptoms, and management in opioid-dependent individuals. Exclusion criteria were articles dealing with animal studies, specific paediatric studies, adulterants other than heavy metals and substances other than opioids. Adulterated opium is one of the new sources of exposure to lead and has precipitated an increase in lead-poisoned cases owing to the widespread use of opium. The toxicology of lead and general guidelines on diagnosis and treatment of lead poisoning is briefly reviewed. The symptoms of lead toxicity mimic several diseases often leading to unnecessary diagnostic methods, misdiagnoses and even surgery. Finally, owing to the fact that lead toxicity shows non-specific signs and symptoms, screening for this disease, by taking blood samples and assessing blood lead levels in high-risk people, should be given an utmost priority. It is recommended that screening tests are adopted and applied for any drug-abusing patient with non-specific subacute signs and symptoms like abdominal pain, constipation and anaemia.
Drug abuse is one of the most common of the avoidable health, socio-economic and cultural threats worldwide. Moreover, they are causing serious problems that destruct human resources [1] . In addition, drug abuse is a major problem of public health in Iran and opium and its derivatives are the most common illicit drugs consumed in this country [2] [3] [4] [5] [6] .
Furthermore, new issues related to illegal synthesizing, distribution and consumption of opioid drugs have unfolded. Thus, adulteration of opioids such as opium with other poisonous substances at the stage of production or consumption has precipitated numerous health problems [7, 8] .
Lead poisoning due to opium impurities is one of the major health issues among opium-dependent people in Middle East countries including Iran [9] .
Lead is a heavy metal that is commonly found in the environment. Lead toxicity has drawn public health attention owing to the prevalence of lead in the environment [10] . In addition, lead toxicity has been identified as a significant public health hazard in developing nations [11, 12] . The occurrence of occupational lead toxicity has decreased in recent years, but the emergence of new forms of non-occupational poisoning presents new challenges and problems [13, 14] . In this paper, we made concerted effort to discuss the principles behind the mechanism of action of lead from lead-contaminated opium.
Sundry compounds (e.g. lead, arsenic and thallium) occur in different amounts in drugs depending on the region of production, the type of drug, its physical form and the consumption route [15] . Opium has been reported to be one of the causes of lead toxicity [16] . It has not yet been determined whether the lead is added to opium throughout the process of opium preparation or it is added to increase opium weight in its trading for profitability [6, 17] .
Notably, WHO recommended that a person with a bodyweight of 68 kg can intake 240 lg lead/day as tolerable daily intake (TDI). Recent evidence shows that if an addict consumes approximately 30 g of opium per day (some addicts consume up to 100 g/day), he/she will receive at least 20% of TDI. It seems that the existence of such concentrations of lead in opium may be harmful if opium is used in the long-term [3, 18] .
The aim of the present literature overview was to identify potentially hazardous substances like lead that can adulterate opium. The review was also precipitated by the fact that heavy metal adulterants may be more toxic than the drug itself [19] . The determination of such impurities in opioid drugs is imperative from the point of view of actively engendering measures to combat this menace [15] . The toxicology of lead including diagnostics and therapy of the poisoning is therefore briefly outlined.
Methods
A search was conducted in the TUMS digital library, PubMed, Scopus, EMBASE and Google Scholar bibliographical databases on opium, opiate, lead, poisoning, Iran and toxicity. This review primarily included articles on lead poisoning, signs and symptoms, and management of such poisoning in individuals that are opioid dependent. Excluded articles included those in animal studies, specific paediatric studies, other heavy metal contaminants (such as thallium and arsenic) and drugs other than opioids.
Toxicology of lead in opium addicts. Many factors such as age, physiological status, nutritional status, route of exposure and the physical and chemical form of lead determine the absorption of the metal from different sources [20] . Dietary factors such as low-calcium diet, iron deficiency and consumption in the fasting state increase the absorption of lead [20, 21] . Lead has a high and rapid absorption rate. A large quantity of lead may be absorbed through inhalation [22] . Theoretically, absorption of lead through the respiratory tract should be the most widespread exposure route in opium abusers, and heat and miasma from the smoking of opium are expected to enhance the absorption of lead [10] . However, in Iran, most of the cases of lead toxicity related to opioids occur in orally addicted adults and they usually consume opium during fasting period [21] . About 10-15% of lead is absorbed through the gastrointestinal tract (GIT) in adults. Patients with a history of oral consumption of lead-contaminated opium showed high level of lead toxicity in two cases, reported by Esmaeilzadeh et al. and Salman-Roghani et al. [23, 24] . In a crosssectional study carried out by Domeneh et al., [21] it was shown that blood lead levels (BLLs) were higher in addicts who took opium orally compared to the groups of addicts who took opium through inhalation. Furthermore, B-Pb considerably increases over time in the opium-dependent people, especially in those who consume it via digestion [25] . The study carried out by Froutan et al. [7] further buttressed the toxicological role of the oral exposure route. However, in another study in 2016, there was no any significant association between blood lead concentration and method of opium consumption [26] (table 2) .
Overall, gastrointestinal (GI) adverse effects of opium are definite but lead can excrete into saliva and recirculate in all components of the GI tract in addition to the circulation. In this regard, it can be reasonably argued that many of opium's adverse effects are synergized by lead, especially in the GI tract, which is not necessarily correlated with BLLs [27] .
In addition, 90-95% of lead is stored in the cortical bone and teeth, brain, liver and kidneys. Approximately 75% of absorbed lead are eliminated by the kidneys; the remainder is excreted through the skin, sweat and gastrointestinal tract or deposited in hair and nails [28] .
Sources of lead. The use of lead in Iran dates back 5000 years [10] . Various published data have revealed that people in jobs such as coal miners, workers in paint factories, people working in copying centres, bus drivers and people working in tile production industries are at risk of suffering from the debilitating effects of lead toxicity [29] . Some foods such as vegetables, bread, make-up products and toys can be classified as potential sources of lead [29] .
Although attempts have been made and still are being made to reduce these sources of exposure, herbal medicine and adulterated drugs have been identified as emerging sources of exposure to lead that have precipitated new problems and health challenges [10, 30] .
Opium as a source of lead. Today, lead toxicity attributable to opium impurities is one of the major health problems in Iran [9, 31] . Most non-formal and often illicit laboratories refine opium into a sticky, brown paste, which is pressed into bricks and dried in the sun. This refined and processed substance can then be swallowed or smoked. The processes involved in this refinement lead to the introduction of impurities such as lead into the by-product. Additionally, Iran is unarguably one of the principal neighbours of Afghanistan, the major producer of opium in the world, and their export has been identified as one of the main routes for the transit of opium worldwide. This creates a platform for drug manufacturers and sellers to adulterate it by adding other impurities to increase its weight and thus to maximize their profit. The location for the cultivation of opium may be another reason. In fact, the distribution of Afghanistan's lead miners is in the centre of this country, and it can describe the presence of new cases of lead poisoning from opium [3, 4, 15, 18, 21, 32] . In a study carried out in Mashhad city, east of Iran by Khatibi-Moghadam et al., [33] it was shown that the mean B-Pb in individuals addicted to opium was higher than reference limits. It was disclosed in another report from the same region that illegal opium may be contaminated with lead [34] . In addition, the presence of lead in opium was confirmed by Aghaee-Afshar et al. [3] in another study carried out in south-eastern Iran. It was demonstrated that the B-Pb levels were significantly higher in patients that were addicted to opium than in the control group in another study carried out in Tehran [9] . In another study from the same region, three cases of lead poisoning were reported to improve after discontinuation of self-ingestion of opium [35] .
Notably, children may be affected by lead in certain ways. Lead could reach the foetus during pregnancy and even the infant through breastfeeding. In addition, the intake of lead-contaminated opium can occur mainly in children aged 6-24 months because the opium is given by their addict parents mostly at this age [36, 37] . In addition, contaminated opium, smoked by family members (passive opium smoking), is likely to be another source of lead poisoning in children; however, little information is available and it would be of interest to conduct further studies on this issue.
It is still uncertain whether the adulterants are added during the process of opium preparation or added later to increase the weight for profit maximization. Therefore, it is suggested that the concentrations of lead in available opium samples should be systematically determined for obtaining a better assessment [3] .
Clinical and laboratory manifestations and diagnosis of lead poisoning in opioid abusers. Clinical manifestations vary between poisoned individuals; acute, subacute and chronic exposure may manifest different presentations [38] . And the clinical picture depends on the amount of lead intake, for example from opium or other opioids. Furthermore, the lead levels at which signs and symptoms become overt vary widely, depending on a variety of characteristics of each individual. In cases of acute exposure (B-Pb > 80 lg/dl), there are usually abdominal pain (lead colic), constipation, muscular and skeletal pain, headache, anorexia, reduced libido, dizziness, short-term memory loss and wrist/ankle drop due to axonal damage that affects motor nerves including n. peroneus. Anaemia, nephropathy and basophilic stippling of red cells on blood smears might also be present [38] . Age and opium dependence were shown as significant predictors of anaemia in a study conducted by Domeneh et al. [21] . Improper feeding, lack of self-care and inadequate diet have been identified and suggested as potential causes of anaemia in older opium-dependent groups by some authors [39] . Lead encephalopathy is the most acute and serious manifestation and may lead to permanent neurological sequelae and death [40] . A case of quadriplegia was reported in an opium-dependent patient with B-Pb > 200 lg/dl by Beigmohammadi et al. [41] . In a non-published study conducted in Kerman city, common symptoms included abdominal pain (86.9%), constipation (75.8%), anorexia (71.5%) and nausea (54.7%). The receiver operating curve (ROC) identified B-Pb as an indicator of anorexia (53.8%), myalgia (63%) and abdominal pain (53%) [42] . Subacute exposure (30-70 lg/dl) is characterized by non-specific symptoms in adults, such as myalgia, fatigue, irritability, insomnia, anorexia, impaired short-term memory and problems with concentration.
Some studies have shown association of chronic exposure to lead with hypertension [7, 24, 43] . Apparently, one of the crucial mechanisms of lead-induced hypertension is to induce an increase in the vascular tone [43] . However, lead is not only known to increase circulatory noradrenaline and the activity of the sympathetic nervous system, but in some cases, it might also act as a vascular b-receptor blocker leading to arterial vasodilation. In chronic lead exposure, a number of other potential findings such as decline in neurocognitive function and electrocardiographic evidence of conduction delay have also been discovered [38] .
There are several studies that have shown abnormal liver function in lead-contaminated opium users even though lead-induced liver damage is a rare phenomenon [7, 12, 23, 44 ]. An opium addict who had lead poisoning and biliary colic was reported by Salman-Roghani et al. [24] . Interestingly, this case was diagnosed with common bile duct dilation due to opium and increase in liver enzymes and abdominal colic due to lead [24] . Based on our comprehension, lead poisoning may mimic the presentation of many other diseases [13] . In addition, it should be kept in mind that lead toxicity in drug abusers presenting with symptoms of abdominal pain can be misdiagnosed, which can cause unnecessary gastrointestinal assessments and even lead to abdominal surgery [7] . Some lead-poisoned patients were first evaluated for crisis of sickle cell anaemia, cholecystitis and nephrolithiasis in a study conducted by Meybodi et al. [13] . Thus, patients with lead poisoning presenting with abdominal colic might be misdiagnosed for cholelithiasis, leading to surgery and post-surgical problems, as reported by Mokhtarifar et al. [12] . In addition, patients may be subjected to unnecessary endoscopy and/or CT scans of abdomen as reported in another study [35] . Furthermore, it is likely that symptoms of lead poisoning in users of lead-contaminated opium may imitate withdrawal symptoms, thereby triggering a vicious cycle of increased use of opium [13] . Thus, the similarity in symptom presentation between opium-induced lead toxicity and opium withdrawal may spur the patient to increase the dose of opium used in order to reduce these symptoms.
Regardless of symptoms, a definitive diagnosis of lead toxicity depends largely on finding of an elevated level of lead in the blood [4] . Laboratory tests used to diagnose lead toxicity include the free erythrocyte protoporphyrin (FEP) and complete blood count with smear morphology, in addition to blood urea nitrogen (BUN), serum creatinine and urinalysis [38] . Clinicians have identified abdominal imaging studies as an imperative tool in disclosing lead particles present in the gastrointestinal tract and have also considered the possible presence of lead-related symptoms even in the absence of B-Pb. The potential role of imaging has been emphasized in lead poisoning among opium users [45, 46] . Basophilic stippling of red cells may be shown in a peripheral blood smear. Markers of hepatic injury may be increased after severe exposure. And cerebral oedema on CT associated with acute lead encephalopathy may rule out other sources of altered mental status, seizures or coma [28] . However, measurements of the blood lead level in opium-addicted cases are imperative owing to the toxicity of lead that may require emergency measures and initiation of adequate antidotal therapy. In B-Pb determinations, atomic absorption spectrometry is a method with high sensitivity and reliability and is readily available when compared to other methods [15] .
Treatment of lead poisoning. Patients who present with symptoms consistent with lead toxicity and diagnosed with an elevated B-Pb should be considered for treatment [4] . Total removal or reduction of lead exposure is the first step in treating cases subjected to excessive absorption or exposure to lead [38] . In case of recent oral ingestion, gastric lavage may be effective. Treating constipation may reduce absorption of lead from the gut. The second step in the treatment process is to provide sufficient hydration in order to achieve a urine output of 1-2 ml/kg per hour [24] . Maintenance of respiration and circulation should have the highest priority.
Patients with signs that mimic encephalopathy or who have a B-Pb above 70-100 lg/dl should be considered for hospitalization and antidotal therapy [47] . Several chelating agents with antidotal efficacy against lead poisoning are available for clinical use, viz. 2,3-dimercaptopropanol (dimercaprol, British anti-lewisite, BAL), calcium disodium edetate (CaEDTA), sodium-2,3-dimercaptopropane-1-sulphonate (DMPS, Dimaval) and meso-2,3-dimercaptosuccinic acid (DMSA; Succimer).
In cases with acute lead encephalopathy and increased intracranial pressure, it has been advised to administer BAL i.m. combined with CaEDTA infusion, during the initial 2-to 3-day period [48] . However, because of its high toxicity, dimercaprol is now suited only for a brief and initial treatment of acute and life-threatening intoxications [49] . In adults, BAL is usually given in a dose of 2.5 mg/kg i.m. every 4 hr for the first day(s) of an acute and severe poisoning. Upon combination with CaEDTA, this latter agent is given by i.v. infusion starting 4 hr after the first dose of BAL owing to concerns that the EDTAchelated lead can cross the blood-brain barrier and exacerbate encephalopathy. After the initial 2-to 3-day period, the antidotal regimen should be changed to one of the less toxic BAL analogues, DMSA or DMPS [48] .
Patients with blood lead levels in the range 45-70 lg/dl without overt symptoms can usually be managed in the outpatient setting with oral DMSA treatment. The recommended dose of DMSA is 10 mg/kg every 8 hr for 5 days followed by 10 mg/kg every 12 hr for 14 days. If DMSA is not available, DMPS is an alternative drug [47] .
For the treatment of lead poisoning, the oral daily dose of 200-400 mg/m 2 body surface has been used safely [50] .
There are some evidence that herbal products like garlic tablets may alleviate symptoms of lead poisoning presumably because of their content of sulphur constituents with chelation properties [51, 52] .
Results and Discussion
Our present literature review has been focused on lead that appears to constitute an increasing health problem in opioid addicts. In the present MiniReview, 14 studies including case reports on lead toxicity due to opium ingestion from Iran were included (table 1). All the cases included only men. This latter observation can probably be attributed to the propensity for men to use illegal substances, especially opium. One of the most frequent symptoms in all of these cases was abdominal pain accompanied by anaemia and CNS complaints. These cases had B-Pb > 100 lg/dl. In all cases, B-Pb was higher than 25 lg/dl and seven of the cases had B-Pb > 200 lg/dl. All except three of the cases (two died and the other one precipitated a quadriplegic state) [41, 44, 53] were treated. The apparent beneficial response on adequate treatment makes early diagnosis of lead toxicity very important. [7] . Acute No BLL is documented after chelating therapy presentation, for example, with abdominal pain resulting from long-term abuse can be misdiagnosed [7] . Examples of misdiagnoses are presented in the studies reported by Meybodi et al., Mokhtarifar et al. and two other studies [12, 13, 35] . It appears from the reviewed studies that lead toxicity should be included among the differential diagnoses of any adult who presents with abdominal pain and anaemia, which involves that B-Pb should be routinely included in the laboratory examinations [17, 35] . The frequency of lead poisoning among regular users of opium, especially in Iran, should encourage researchers to conduct trial studies. Most of the published articles in recent years are original case-control articles (rather than case reports in previous decades) which are summarized in table 2. The B-Pb in groups of opium dependents and a healthy control group were compared in a study carried out by Domeneh et al. in [21] . The results revealed that B-Pb was higher in oral opium addicts (mean B-Pb of 11.75 lg/dl) compared to controls. Although these results are consistent with those of Salehi et al. and Amiri et al., [6, 9] the latter studies reported higher mean B-Pb values, viz 57.06 lg/dl and 21.09 lg/dl, respectively. The studies carried out by Moghadam et al. and Abbasi et al. [2, 31] showed that B-Pb s were higher in addicted group than controls, without significant differences between control groups.
According to some studies in Iran, B-Pb is used orally more frequently than other ways [17, 21, 23, 24] . In this line, certain points should be paid more attention:
In adults, Pb is mainly absorbed through the respiratory tract (up to 95% may be absorbed in the lungs).
Pb complete volatilization is associated with the temperature exposed to; temperature in the smoking of opium may not liberate Pb vapour fully. The route of opium consumption and the inhaled vapours may be effective for absorption, that is a large amount of the smoke may evade inhalation and/or exhalation without being absorbed. However, lead absorbed by inhalation has especially high bioavailability compared with that absorbed through other ways [14] .
Smoking opium heat can affect the rate of lead absorption in the blood. In oral consumption of opioids, the lead is not affected considerably and higher amounts of lead may be absorbed in the blood [21] . Moreover, morphine absorption by inhalation occurs earlier than lead absorption due to various boiling points for morphine and lead; therefore, opium abusers may experience lower levels of lead toxicity through inhalation compared with the oral route [14] .
Absorption after opium ingestion can be influenced by nutritional status, pH and transit in the digestive tract. Opioids cause decrease in gastrointestinal motility, and constipation may result in further Pb absorption into the bloodstream because of long-term intestinal exposure. Future studies should be conducted to compare the levels of constipation against BPb. A non-published study in Kerman demonstrated that opium smoking alongside oral use had insignificantly higher median B-Pb than its smoking or ingestion, while the amount of opium the users consumed per day (orally, smoking or combination use) was not considerably different [42] . This finding is consistent with Afshari et al. and Fatemi et al. studies [34, 54] . In addition, they found that B-PBs increased in Taryak users and combination (Taryak plus Shireh) users in case of combination oral use and smoking.
Taryak and Shireh are the most widely known traditional drugs in Iran with high rate of traditional drug use worldwide [55] . Shireh is a strong narcotic opium produced by refining Taryak in boiling water, and then heating and filtering for elimination of insoluble materials [56] . As the alkaloids morphine and codeine are highly water soluble, their concentrations in Shireh considerably rise compared to Taryak's.
The frequency of Taryak users was reported to be higher than that of Shireh users in Kerman [42] . The refinement and filtration processes in the production of Shireh may filter out some of the metal contamination, which would justify the fact that Taryak abusers comprise most opium-dependent patients hospitalized for Pb poisoning.
Lead poisoning due to other routes of opioids such as intravenous or inhalation abuse of lead-contaminated heroin has been reported since 1989 in the literature [10] . To the best of our knowledge, in Iran, there are no reports of lead toxicity in IV drug users and most of published studies evaluated inhalation or oral opium users.
Furthermore, in some studies, there was no significant correlation between B-Pb and the duration of opium abuse [6, 7, 13, 31] . This could be due to the relatively short half-life of lead in the blood compared to deposits in bone tissue [6] . Nonetheless, in studies carried out by Froutan et al. and Ghaemi et al., [7, 25] there were correlations between the duration of addiction and B-Pb, which is consistent with the high mean BPb found in long-term opium addicts. These contradictory results on the relationship between lead toxicity and duration of substance abuse may be related to the hypothesis that opium in the past years has been less adulterated [7] . This hypothesis can be strengthened by an increased ratio of patients with overt symptoms on plumbism such as lead line in the gum and basophilic stippling in the peripheral blood [7] . In addition, the cases reported after 2010 [12, 23, 34, 43] have higher B-Pb than those reported before 2010. Moreover, most cases of lead poisoning due to opium use in Iran were reported after 2004.
Salehi et al. [6] reported a significant correlation between B-Pb and the amount of opium used in his study. The results of the study of Salehi et al. were in contrast with the results of Froutan et al. and Moghadam et al. [7, 31] . Consequently, the authors suggested that similar investigations with larger sample size and more comparative studies with healthy controls could be conducted [31] .
In all studies reviewed, except two [2, 13] , the patients were males [7] . Abdominal pain, nausea, constipation and haematological complaints were the most common presentations in all the case studies reported. It should be noted that several of the symptoms mentioned above to be associated with lead toxicity are also symptoms related to the opium dependency. For example, constipation, nausea, irritability, anorexia and several other neuropsychiatric symptoms are characterized by both lead toxicity and opium dependency. Therefore, the diagnosis of lead toxicity should be verified by an elevated B-Pb [14] . (continued) As a matter of fact, there are new concerns about possible epigenetic effects of environmental toxicant like lead that can even be inherited to the next generation. These epigenetic effects may present as an increased rate of cancer and some immunomodulatory diseases or exacerbating of opioid-induced specific toxicities that remain to be identified by future epidemiological studies [57, 58] .
Conclusion
An increase in the abuse of opioids has precipitated an increase in the problems related to toxic contaminants. As reviewed in the present paper, the toxic elemental lead constitutes new and increasing problems in Iran. It is becoming more and more widespread in this country, and the symptoms are often misdiagnosed with other pathological and surgical conditions leading to delayed diagnosis, high costs and serious consequences. Considering the fact that lead poisoning presents with non-specific symptoms, screening for lead exposure should be given high priority. Application of screening tests for everyone with nonspecific signs and symptoms like abdominal pain, constipation, irritability and anaemia is highly recommended. Reliable diagnostics of lead poisonings are of utmost importance as emergency therapeutic procedures, including the use of appropriate antidotal treatment, can be life-saving.
As lead has a high absorption rate, a large quantity of lead may be absorbed through secondary contamination of other family members particularly children during opium smoking. Further studies on this issue may reveal a new public health concern.
